Abstract Dabai (Canarium odontophyllum Miq.) fruit is a popular seasonal indigenous fruit of Sarawak, Malaysia that is always appreciated as an exotic fruit by the local community. The present study was designed to identify and quantify the phenolic compounds of dabai fruits from different divisions of Sarawak. Difference between the purple and red varieties of the fruits was also investigated. Analysis of phenolic compounds was performed by reversed phase high-performance liquid chromatography coupled with diode array detector. Three detection wavelengths (280, 254 and 329 nm) were used to monitor all phenolic compounds (except for anthocyanidins) since they display absorbance maxima at different wavelengths. Characteristic spectra of eluted peaks provide useful information in confirming the identities of peaks. Hydrolysis of phenolic compounds of dabai fruits was insufficient under the milder conditions (30°C, 2 h) employed thus resulted in unidentified peaks. Two phenolic acids (ellagic and vanillic acids), five flavonoids (catechin, epicatechin, epicatechin gallate, epigallocatechin gallate, apigenin) and ethyl gallate were detected in the fruits. Furthermore, three anthocyanidins (cyanidin, pelargonidin and delphinidin) and four anthocyanins (malvidin-3,5-di-O-glucoside, cyanidin-3-O-glucoside, cyanidin-3-O-rutinoside and peonidin-3-O-glucoside) were detected. All these phenolic compounds were reported in dabai fruits for the first time. The fruit variety affected the anthocyanidins and anthocyanins profile (p<0.01) but had little or no effect on the phenolic acids and flavonoids profile of the fruits. Within the same variety, diversity in environmental conditions had an impact on the quantitative differences of phenolic compounds (p<0.05).
Introduction
Canarium odontophyllum Miq. is one of the popular seasonal indigenous fruits of Sarawak, Malaysia. The fruit is known as 'dabai' among the local community and has been dubbed as 'Sibu olive' because of its physical appearance, smooth texture and rich flavour (Lau & Fatimah 2007) . Dabai fruits are similar in appearance to olive fruits and turn into dark purple when fruits are fully ripened. The fruits are ovoid drupes, weight 10.0-18.0 g, 3.0-4.0 cm long and 2.2-3.0 cm in diameter. Dabai fruit contains single seed with hard and thick endocarp (2.5-3.5 cm long and 1.6-2.0 cm in diameter). The seed is subtriangular with three chambers. The purple skin and pale yellow fleshy pulp of dabai fruit (3.0-5.0 mm thick) are edible, while the seed is discarded. The whole ripe fruit is soaked in warm water for 3-5 min to soften the pulp; sometimes, it is consumed seasoned with sugar, salt, pepper or sauce. Dabai fruits are very much appreciated by local community during the fruit ripening season and are traditionally consumed as a highly nutritious fruit rich in energy and fat (Voon & Kueh 1999) .
Another species of the Canarium genus, Canarium album (Chinese olive) which is native to the southeast area of China has gained much focus by the local researchers. In China, Chinese olive fruits are generally processed into confections, candy and beverages (He & Xia 2007) . The dried fruit is also used as traditional medicine for treatment of faucitis, stomatitis, hepatitis and toxicosis. The medical functions of Chinese olive fruit as recorded in the Pharmacopoeia of the People's Republic of China (Vol. 1) are to cure pain and swelling of the throat, cough, dire thirst and fish or crab poisoning (Liu et al. 2008) . These pharmacological characteristics of the fruit are intimately related to its phenolic compounds. Total phenolics content (TPC) of Chinese olive fruit was reported to be 280.5 mg gallic acid equivalent (GAE)/g dry weight (DW) that was the highest among the 68 Chinese medical foods under investigation (Liu et al. 2008) . A strong positive correlation (r 2 =0.95) was found between TPC and antioxidant capacity. The antioxidant activity could be attributed to the numerous phenolic compounds identified in the fruit such as gallic acid, methyl gallate, ethyl gallate, ellagic acid, brevifolin carboxylic acid, sinapic acid, corilagin, hyperin, kaempferol-3-glucoside, amentoflavone and 3-O-galloyl quinic acid butyl ester (He & Xia 2007 , 2008 He et al. , 2009 .
Methanol (Azrina et al. 2010) , aqueous methanol (Shakirin et al. 2010 ) and aqueous ethanol (Prasad et al. 2010; Chew et al. 2011 ) extracts of dabai fruits have consistently shown antioxidant capacities. Moreover, while purple dabai fruits from Kapit had the significantly highest TPC (33.21 mg GAE/g DW), and followed by Song and Kanowit, the significantly lowest TPC was found in red dabai fruits from Sarikei (9.50 mg GAE/g DW) (Chew et al. 2011) . Strong positive correlations between TPC and antioxidant capacities were observed in all these studies, suggesting that phenolic compounds of dabai fruits provide substantial antioxidant activities. Therefore, characterization of phenolic compounds profile of dabai fruits is necessary to explain the antioxidant capacities observed in previous studies. This fundamental data also serve to predict the numerous potential biological capabilities of dabai fruits based on the specific phenolic compounds identified, such as the cardio-protective effects of anthocyanins and anti-diabetic effects of flavanols to enable more precise and specific further investigations.
However, to the best of our knowledge, there is no report available to date on the analysis and identification of phenolic compounds of dabai fruits. In the present study, data were obtained as the first detailed information on phenolic compounds of the fruit. Studies have indicated that geographical conditions and botanical aspects such as variety can significantly affect nutritional values and health beneficial attributes of fruits qualitatively and quantitatively. Influence of geographical conditions on the phenolic compounds content and profile of dabai fruits is unknown. Moreover, apparently, there are two varieties of dabai fruits found: the commonly available purple dabai fruit and the less common red dabai fruit. The present study was, therefore, designed to identify and quantify the phenolic compounds of dabai fruits from different divisions of Sarawak, Malaysia. Difference between the purple and red varieties of the fruits was also investigated.
Materials and Methods

Reagents, Solvents and Phenolic Standards
Methanol, acetonitrile and acetic acid (Fisher Scientific, Leicestershire, UK) and trifluoroacetic acid (Sigma-Aldrich Chemie GmbH, Steinheim, Germany) were of HPLC grade. Hydrochloric acid 37% (Merck, Darmstadt, Germany) and dimethyl sulfoxide (Sigma-Aldrich, St. Louis, MO, USA) were of analytical grade. All phenolic standards were purchased from Sigma-Aldrich (St. Louis, MO, USA) and Sigma-Aldrich Chemie GmbH (Steinheim, Germany). The standards were prepared in 70% ethanol, except for ellagic acid which was first dissolved in dimethyl sulfoxide and then in 70% ethanol (final ratio 1:4), while anthocyanidins were prepared in 70% ethanol-hydrochloric acid (HCl) (99: 1, v/v).
Samples Collection
The herbarium voucher specimens (S 64872) of dabai fruits are deposited in Agriculture Research Centre (ARC), Semongok, Sarawak, Malaysia. Four divisions among the main dabai production divisions of Sarawak, namely Kanowit, Sarikei, Kapit and Song, were identified for samples collection. Maturities of dabai fruits can be determined by change in skin colour from light green to purple when fruits are fully ripen. All samples collected were matured fruits. Dabai fruits collected from Kanowit, Kapit and Song were dark purple in colour (commonly available variety), while those from Sarikei were dark red in colour (less common variety, locally known as 'red dabai'). The authoritative identification of the fruits' variety and maturity was aided by research officers of ARC, Semongok.
In each identified division, about 3 kg of samples were collected from each different dabai cultivation site randomly selected. A sampling design based on the estimated total number of dabai cultivation site in each division was employed in the present study. In Song, samples were bought from local growers at the market of Janin, Jugai, Samban and Baun Villages; while in Kapit, samples were bought from local growers at the market of Belawai, Menuan and Sut Villages. In Kanowit and Sarikei, dabai cultivation site were lesser as compared to the previous two divisions. Samples from two different orchards in Kanowit and a single orchard in Sarikei were harvested by ARC, Semongok. All fruits were kept in polystyrene boxes filled with ice and brought back to laboratory within 2 days after fruits were harvested.
Preparation of Samples
Dabai fruits without any physical damage were selected, washed under running tap water and dried with a cloth. The fruits were soaked in warm water for 5 min to soften the pulp, and seeds were manually removed. Whole edible portion of the fruits (pulp and peel) was then subjected to lyophilisation. Freeze-dried sample was first ground, sieved through a 20-mesh sieve and then stored at −20°C before further analysis. Samples collected from different cultivation sites were subjected to individual analyses. Results of all cultivation sites of the same division were pooled and representative average of each division was calculated.
Extraction of Phenolic Compounds
A method of phenolic compounds extraction as described by two groups of researchers (Liu et al. 2008; Ryan et al. 1999 ) was employed with slight modifications. Freezedried sample (1 g) was subjected to direct solvent extraction (20 mL of 70% ethanol (v/v) ) in the presence of HCl (final concentration of HCl was 1.2 N). The mixture was sonicated for 2 min and then shaken at 30°C on an orbital shaker at 200 rpm for 2 h. The sample extract was allowed to cool and then filtered. The filtrate was washed once with hexane (40 mL) in a separating funnel to remove lipoidal materials, and the aqueous phase was recovered. The sample extract was again filtered through a 0.45-μm membrane filter prior to HPLC analysis.
Reversed Phase-High Performance Liquid Chromatography Analysis Analysis of phenolic compounds was performed using a HPLC system composed of an Agilent 1100 Series liquid chromatographic system equipped with an Agilent 1100 Series diode array detector (DAD) (Agilent Technologies, Germany). A reversed phase Lichrospher C-18 column (250×4 mm, i.d. and particle size 5 μm; Merck KGaA, Darmstadt, Germany) was used for separation.
Phenolic Acids and Flavonoids Analysis
Simultaneous chromatographic analysis of phenolic acids and flavonoids (except anthocyanidins) was conducted according to a method previously adopted by other group (He & Xia 2007) . The mobile phases used were 0.5% acetic acid (v/v) (A) and methanol (B). The applied gradient elution profile was: 0-20 min, linear gradient from 0% to 90% B; 20-25 min, 90% B isocratic; 25-30 min, linear gradient from 90% to 0% B and finally, washing and reconditioning of the column. The flow rate and column temperature were set at 0.6 mL/min and 30°C, respectively. Wavelengths used for detection of phenolic acids and flavonoids were 280, 254 and 329 nm. UV absorption spectra were recorded from 210 to 400 nm during HPLC analysis.
Anthocyanidins Analysis
Anthocyanidins need a more acidic pH to be resolved due to their acid-base equilibrium; hence, a different chromatographic method (Abad-García 2009) was employed with slight modifications. Mobile phases used were A (0.5% trifluoroacetic acid (v/v)) and B (acetonitrile). The applied gradient elution condition was: 0-15 min, linear gradient from 12% to 15% B; 15-25 min, 15% B isocratic; 25-40 min, linear gradient from 15% to 30% B; 40-45 min, 30% B isocratic; 45-50 min, linear gradient from 30% to 80% B; 50-60 min, linear gradient from 80% to 100% B and finally, washing and reconditioning of the column. The flow rate was 0.8 mL/min and the column was operated at 30°C. Anthocyanidins were detected at 530 nm. UV-vis absorption spectra were recorded in the range 250-600 nm during HPLC analysis.
Identification and Quantification of Phenolic Compounds
The phenolic compounds in sample extract were identified by comparing their retention times (t R ) and UV-vis absorption spectra with those of authentic standards and further checked by spiking of sample extract with authentic standards. The purity of each phenolic compound identified was checked by HPLC-DAD. External standards were used for quantification of phenolic compounds. Amounts of phenolic compounds were expressed as milligrams per gram DW of sample.
Analytical Quality Control
Precision was evaluated by determining within-day variation of the HPLC analysis (repeatability) and long term variation of the whole method over three consecutive weeks (reproducibility). Selected sample extract was analyzed six times (six injections of the same sample extract) within a day to study for the repeatability (within-day precision) of the HPLC method. Meanwhile, the within-laboratory reproducibility (day-to-day precision) of the whole method (from sample extraction to HPLC analysis) was studied over a period of three consecutive weeks. Selected freezedried sample was extracted and analyzed each time in triplicates on three different days in 3 weeks. Relative standard deviation (RSD) was calculated by dividing the standard deviation by the average (n=6 for repeatability and n=3 for reproducibility), and then multiplied by 100 to be expressed as percentage.
Statistical Analysis
Data were analyzed using SPSS 17.0 statistical package for Windows (SPSS Inc., Chicago, USA) software. All analyses were carried out in triplicates. Results were expressed as mean±standard deviation (SD). The means difference among groups was compared by one-way ANOVA with post hoc multiple comparisons Tukey test. Significant level was set at p<0.05.
Results and Discussion
Analytical Quality Control
All phenolic compounds showed good stability in their retention times. In addition, good repeatability within day (n=6) and reproducibility between days (n=3) in peak areas (RSD<12%) were obtained. Precision was not equally good for all the phenolic compounds indentified. The within-day RSDs were 4.2-8.5% while the between-days study yielded RSDs of 6.9-11.6%. High RSDs were especially observed in compounds present at lower amounts in the samples. In general, repeatability and reproducibility were acceptable in all cases, indicating the precision in results obtained.
Extraction of Phenolic Compounds
Phenolic compounds are present in all plant materials in a wide variety of forms, and this makes the analysis of these compounds very challenging (Stalikas & Uppu 2010) . The absence of an official method for analysis of phenolic compounds makes the work even more difficult. Despite the extensive researches performed in this field, majority of the methods reported were developed and optimized for a specific plant material (for example: blueberry) or a family of materials (for example: all kinds of berries). Likewise, complete extraction of phenolic compounds, particularly from the plant cell walls is difficult. Insoluble phenolics are the components of plant cell walls, while soluble phenolics are compartmentalized within the cell vacuoles (Stalikas & Uppu 2010) . Only a minor fraction of phenolic acids exists in the free acid form; the majority are linked through ester, ether or acetal bonds to larger polyphenols or smaller organic molecules (for example: glucose, quinic, maleic or tartaric acids) or other naturally occurring compounds (for example: terpenes). On the other hand, although flavonoids are sometimes found as their aglycones, they most commonly exist as flavonoid O-glycosides, in which one or more hydroxyl groups of the aglycones are bounded to sugar with formation of acid labile glycosidic O-C bond (Stalikas & Uppu 2010) . Glycosylation may also take place by direct linkage of the sugar to the basic nucleus of the flavonoids, via acid resistant C-C bond, to form flavonoid C-glycosides (Abad-García 2009).
To identify and quantify the phenolic compounds of dabai fruits, a typical procedure involved an aqueous alcohol extraction from powdered freeze-dried sample; followed by clean-up of the extract by liquid-liquid extraction with hexane, a non-polar solvent to remove lipoidal materials was employed. Preliminary drying was necessary for direct extraction from fruits (Ryan et al. 1999) . Studies on the stability as well as degradation pattern of phenolic compounds under different drying methods including freeze-drying, air-oven drying and vacuum oven drying revealed the more favourable results of freeze-drying over the other (de Torres et al. 2010; Mohd Zainol et al. 2009 ). Clean-up of sample extract by solidphase extraction using pre-packed cartridges is preferable than liquid-liquid extraction to eliminate impurities and improve chromatograms. However, due to the reported poorer yields and low recoveries of certain phenolic compounds associated with solid-phase extraction (Häkkinen et al. 1998; Michalkiewicz et al. 2008) , clean-up step in the present study was achieved by liquid-liquid extraction with hexane to remove lipoidal materials.
Hydrolysis is important to simplify or reduce the complexity of subsequent chromatograms and permit quantification of phenolic compounds with more readily available free phenolic acid and flavonoid aglycone standards. In the present study, 70% ethanol with the presence of 1.2 N HCl was used to extract phenolic compounds and further hydrolyze those conjugated forms to free acids and aglycones. Effect of acid concentration was dependent on extraction temperature; lower acid concentration (0.6 N) gave the highest yield at 85°C (refluxed), while higher acid concentration (1.2 N) was most efficient in extraction at 35°C (Häkkinen et al. 1998 ). The reported optimized extraction conditions including extraction time (from a few min to 24 h) and temperature (from room temperature to 90°C) varied considerably from one study to another. A milder extraction condition was chosen for the present study to reduce possible heat and acid-induced degradation of phenolic compounds, which involved a 2-min sonication process to warrant rupture of cell membranes thus enhance extraction of endocellular phenolics, and then followed by continuously shaking for 2 h at 30°C on an orbital shaker at 200 rpm.
In most cases, extractions entail the addition of an antioxidant, such as ascorbic acid, and/or a polyphenol oxidase inhibitor, such as sodium fluoride to prevent the degradation of phenolic compounds (Harnly et al. 2007 ). However, both protective agents were not used in the present study to eliminate possible interference due to their unsuitable usage. Tertbutylhydroquinone, for instance, was reported to have been eluted in C-18 column simultaneously with quercetin (Häkkinen et al. 1998) . Similarly, ascorbic acid needs to be used with caution in the analysis of anthocyanins. In the presence of iron or copper ions and oxygen, the oxidation of ascorbic acid to dehydroascorbic acid is accompanied by the formation of hydrogen peroxide, which in turn can oxidize anthocyanins and cause destruction of the pigments (Pratt et al. 1954; Scotter & Castle 2004) . Hence, sample extract in the present study was prepared as fresh as possible and always kept at −80°C before HPLC analysis.
Dabai fruits yielded red extract upon acidification, in contrast to the golden-brown extract obtained from green olive (Ryan et al. 1999) . This is attributed to the presence of anthocyanins, natural pigments that are responsible for the blue, purple, red and orange colours of many fruits and vegetables. Anthocyanins are highly soluble in water and alcoholic solution, being more stable at low pH. They coexist as four main equilibrium species: the flavylium cation, the quinonoidal base, the carbinol pseudobase and the chalcone in aqueous solution. The predominant form of anthocyanins at low pH is the flavylium cation which is red in colour. Most of the flavylium ions change into other forms as pH increases, with some turn into blue (quinonoidal bases) while some other become colourless (pseudobases and chalcones) (de Pascual-Teresa & SanchezBallesta 2008).
Identification of Chromatographic Peaks
Identification of Phenolic Acids and Flavonoids Figure 1 shows the HPLC chromatograms of dabai fruit extract. The diversity of phenolic compounds in dabai fruits is illustrated by the fairly complex chromatograms. As the number of phenolic compounds present in dabai fruits was high, some co-elution were observed as overlapping peaks. More than 20 phenolic peaks have been separated using a reversed phase C-18 column. No single detection wavelength is appropriate to monitor all phenolic compounds because they display absorbance maxima at different wavelengths (Herrera & Luque de Castro 2005) . Therefore, three detection wavelengths were used as a compromise solution in the present study. It is noted that detection at 280 nm shown considerably more details than other wavelengths (Fig. 1) . However, other wavelengths were useful for particular compounds. Ellagic acid, for instance, was detected at 280 nm, but the detection at 254 nm provided enhanced sensitivity of the peak. The detection wavelength used in liquid chromatography is dependent not only upon the class of phenolic compounds but also on the particular member of such classes (Ryan et al. 1999) .
As shown in Table 1 , peaks identification was performed by comparing their t R and UV spectra with those of authentic standards. Diode array detection that was used in the present study is particularly useful in confirming the eluted peaks from their characteristic spectra, as well as in checking purities of the peaks. DAD can simultaneously measure the absorbance at all wavelengths in addition to single wavelength data. It also offers information on peak purity, expressed as a purity angle that is compared to the purity threshold (Siouffi 2000) . Examination on the t R and UV spectrum of each peak in the chromatograms of dabai fruits eventually allowed the attribution of eight eluted peaks among all to specific phenolic compounds because each phenolic class exhibits a characteristic UV spectrum. In addition, elution order of phenolic compounds was similar to that observed by other group (Abad-García 2009). Further checking on the identified peaks of phenolic compounds demonstrated their accepted to high purities.
Compounds 1, 2, 3 and 4 displayed spectra characteristics of flavanols and were directly identified as catechin, epigalocatechin gallate, epicatechin and epicatechin gallate (Fig. 2a) , by comparison of their t R and UV spectra with those of standards. Flavanols are readily distinguished from other flavonoids by their UV spectra, typically exhibit an intense band II (269-279 nm) and do not present band I as a result of the lacking of any conjugation between the Aand B-rings (Abad-García 2009) (Fig. 3) . Band I is associated with the absorption due to the B-ring cinnamoyl system, while band II with the absorption involving the Aring benzoyl system.
Compound 5 demonstrated spectra characteristics of hydroxybenzoic acids and was identified as vanillic acid (Fig. 2b) by comparison with the standard. Hydroxybenzoic acids present a benzoyl group as the only chromophore; thus, their UV spectra only exhibit a band in the range 245-280 nm (Abad-García 2009). They display maximum absorbance at 246-262 nm, with a shoulder at 290-315 nm, except that of gallic and syringic acids with wavelength of maximum absorbance (l max ) at 271 and 275 nm, respectively (Lee 2000) . Compounds 6 and 7 were identified as ethyl gallate and ellagic acid, by comparison of Table 1 ). a Purple dabai fruit. b Red dabai fruit their t R and UV spectra with those of standards. The l max of ethyl gallate (223 and 274 nm) and ellagic acid (254 and 365 nm; Fig. 2c ) corresponded well to those previously reported (He & Xia 2007) . The UV spectrum of compound 8 revealed that it had the characteristics of flavones and was identified as apigenin ( Other peaks in the chromatograms of dabai fruit extract were not identified. In fact, most of the unidentified peaks showed their own UV spectra characteristics, suggesting identities of certain classes of phenolics. The milder hydrolysis condition employed in the present study was a compromise between appropriate hydrolysis and yet nondestructive to phenolic compounds. Releasing of phenolic acids usually could be achieved by 30 min to 1 h of hydrolysis with 1 to 2 N HCl (Stalikas & Uppu 2010) . However, hydrolysis of flavonoid glycosides from dabai fruits to release the aglycones could be incomplete under the employed condition and resulted in peaks of flavonoid glycosides. Hydrolysis was especially important because the fruits were found to have higher content of flavonoids than phenolic acids. Flavonoids require rather harsh conditions for deconjugation as compared to phenolic acids (Häkkinen et al. 1998) . Results obtained also suggested that majority of dabai flavonoids were bounded to sugar via the acid resistant C-C bond to form flavonoid C-glycosides, and a smaller proportion involved the formation of acid labile O-C bond to form flavonoid O-glycosides.
Since the more common commercially available forms of phenolic standards (phenolic acids as free acids and flavonoids as aglycones) were used in the present study, those peaks of flavonoid glycosides remained unidentifiable. The attribution of these unidentified peaks to specific flavonoid glycosides by merely comparison of their UV spectra and l max with those previously reported data is quite difficult. This is because flavonoid glycosides show shifted bands I or II in their UV spectra, as compared to their corresponding aglycones. Flavone glycosides for instance, O-or C-glycosylation in B-ring causes shifts of band I to lower wavelengths, being this effect higher for a resonant position, while glycosylation in A-ring has little or no effect on UV spectra (Abad-García 2009).
Identification of Anthocyanidins and Anthocyanins
All eluted peaks in the HPLC chromatogram (Fig. 4) presented spectra characteristics of anthocyanidins or anthocyanins, confirming identities of the compounds. Seven out of nine eluted peaks were successfully been identified (Table 2) . Peaks 1, 2, 3 and 4 were identified as malvidin-3,5-di-O-glucoside, cyanidin-3-O-glucoside, cyanidin-3-O-rutinoside and peonidin-3-O-glucoside. Identification was made by comparison of their spectra characteristics and l max with those previously reported data, because standards of anthocyanin were not available. Similarly, anthocyanins showed shifted bands I and II in their UV-vis spectra, as compared to their corresponding aglycones. The presence of anthocyanins indicated that hydrolysis was incomplete for flavonoid glycosides under the employed condition.
Anthocyanidins exhibit two major absorption bands: in the UV region 275-285 nm (band II) and in the visible region 520-545 nm (band I) because of the aromaticity of C-ring (Abad-García 2009) (Fig. 3) . By comparison of their t R and UV-vis spectra with those of standards, peaks 5, 6 and 7 were identified as delphinidin, cyanidin and pelargonidin. All identified compounds were eluted in a similar order to that previously reported (Abad-García 2009). Certain tendencies within the same phenolics family that characterize the separation of compounds could be noted from bibliographical data. Glycosylated flavonoids elute before their corresponding aglycones; elution order for glycosylated flavonoids at the same bond position is di-O-glycoside, O-galactoside, O-glucoside, O-rutinoside, Oneohesperidoside, O-rhamnoside and finally aglycone. The 7-O-glycosides elute before 4′-or 3-O-glycosides. As to the type of bond, C-glycosides elute before O-glycosides (Abad-García 2009). 95 in all cases of phenolic standards over the linear dynamic range (5 to 100 μg/mL) used. Quantification of anthocyanins was performed using their corresponding aglycones because the standards were not available. Cyanidin-3-O-glucoside and cyanidin-3-Orutinoside were quantified as cyanidin, while malvidin-3,5-di-O-glucoside was quantified as malvidin. Ellagic acid and ethyl gallate which have been reported present in C. album (He & Xia 2007 , 2008 were also detected in dabai fruits. Amentoflavone which is the dimer of apigenin was identified in C. album but not in dabai fruits. However, apigenin was detected in the present study after hydrolysis of conjugation. In C. album, the researchers did not report the presence of anthocyanidins and anthocyanins. These findings implied that phenolic compounds are useful chemotaxonomic markers; however, some compounds are special characteristics of certain species or varieties. In the present study, chromatographic profile of phenolic acids and flavonoids in dabai fruits were qualitatively similar for the two varieties (purple and red dabai fruits; Fig. 1 ). However, they were differed in the amount of phenolic compounds identified. This observation was in accordance with observation that olive cultivars did affect the content of phenolic compounds in the fruits, while phenolics profile was almost the same among cultivars (Servili et al. 2004) . Contrarily, chromatographic profile of anthocyanidins and anthocyanins in dabai fruits revealed marked differences between varieties, with more peaks were observed in purple dabai fruits (Fig. 4) . Anthocyanidins and anthocyanins, which were relatively more abundant in purple dabai fruits present in red dabai fruits at considerably reduced amount. Similar comparative studies in species with fruits contrasting in pigmentation have been conducted, for example that between both botanical forms (red and pinkish-white fruits) of Chilean strawberry (Fragaria chiloensis) (Salvatierra et al. 2010) . The results revealed a clear down-regulation of the anthocyanin-related genes during fruit ripening in the latter, which could explain the scarce in pigmentation. Moreover, the differences were not only reduction in the quantity of anthocyanins but also in the quality.
Catechin was a major phenolic compound in dabai fruits. Catechin in red dabai fruits (0.33 mg/g DW) was significantly lower than that in purple dabai fruits (3.01 to 4.00 mg/g DW; p<0.01); while the content of other identified phenolic compounds were comparable in both varieties. Epigalocatechin gallate, epicatechin, epicatechin gallate, apigenin and ellagic acid were all present in appreciable amount in dabai fruits, while that of vanilic acid and ethyl gallate were relatively lower (Table 3) . Cyanidin-3-O-rutinoside was the major anthocyanin in dabai fuits, and it was 16-26-folds higher in purple variety than red variety. Cyanidin and its glycosides (cyanidin-3-O-glucoside and cyanidin-3-O-rutinoside) were the main anthocyanidins and anthocyanins detected in both varieties; with trace amount of pelargonidin. In addition, delphinidin, malvidin-3,5-di-O-glucoside at appreciable amount and trace of peonidin-3-O-glucoside were also detected in purple dabai fruits (Table 4) .
Within the same variety, in purple dabai fruits, considerable variability in the content of all identified phenolic compounds from one division to another was noted. A similar observation that the phenolic compounds content of olive fruits were influenced by site of cultivation/growing environment was reported (Tura et al. 2007 ). Dabai fruits collected from Kapit clearly exhibited the highest content of almost all the identified phenolic acids and flavonoids. Similarly, dabai fruits that possessed the highest content of all identified anthocyanidins and anthocyanins were collected from Kapit. Geographically, Kapit is a remote division of Sarawak and near to the upstream of Rajang River which is the longest river in Malaysia. Therefore, it is (Arts et al. 2000) . On the other hand, the reported total anthocyanins in mg/100 g FW were 1.7 in apple, 83-326 in blackberry, 130-476 in blackcurrant, 25-495 in blueberry, 20-687 in raspberry, 30-750 in red grape and 19-55 in strawberry (de Pascual-Teresa & SanchezBallesta 2008) . It is noted that the total flavanols content of purple dabai fruits were higher than berries and currants, while the total anthocyanins content were comparable among them. In berries, anthocyanins as the major pigment are present together with appreciable amount of flavanols. In addition, flavonols particularly quercetin and kaempferol are found as co-pigment for fruits coloration in berries.
Proanthocyanidins are oligomers of flavan-3-ols, and the building blocks of most proanthocyanidins are (+)-catechin and (−)-epicatechin. Their major function is to provide protection against microbial pathogens and insect pests. However, their presence in fruits results in an astringent taste. Proanthocyanidins are converted to coloured anthocyanidins upon acid hydrolysis . Hence, it is postulated that proanthocyanidins could present in the skin of dabai fruits and changes in the pH of fruits during ripening have a role in the switch from proanthocyanidins hydrolysis to anthocyanidins accumulation. In fact, the biosynthesis of flavan-3-ols and proanthocyanidins has long been assumed to branch from the anthocyanin pathway at the level of leucoanthocyanidin .
Red grapes (Vitis vinifera) represent an almost similar complex system to that of dabai fruits since anthocyanins are also formed only in the skin. The flesh tissue of red grapes was found contained proanthocyanidins, while the skin tissue accumulated anthocyanins (Boss et al. 1996) . UDP glucoseflavonoid 3-o-glucosyl transferase (UFGT) expression that is assumed for the redirection of flavonoid biosynthesis from proanthocyanidin to anthocyanin formation during fruit ripening was only detected in skin tissue. In addition, UFGT expression was not detected in the skin tissue of white grapes. Expression of gene similar to that observed in the red grapes skin could be expected in the skin of dabai fruits. In a review on the roles of anthocyanins, catechins and proanthocyanidins in the reduction of risk factors and prevention of cardiovascular health problems, the authors described the compounds' consistent effects through different aspects of bio-efficacy in vascular health (platelet aggregation, atherosclerosis, blood pressure, antioxidant status, inflammation-related markers, etc.), myocardial conditions and whole-body metabolism (serum biochemistry, lipid profile) (de Pascual-Teresa et al. 2010) . Apple, blackberry, blackcurrant, blueberry, raspberry, redcurrant, red grape and strawberry are among those fruits found rich in anthocyanins, catechins and proanthocyanidins. Dabai fruits are good sources of catechins, anthocyanidins and anthocyanins, similar to those well-recognized health-enhancing fruits and could possess the same cardio-protective effects.
Conclusion
To our knowledge, all these phenolic compounds are first reported in dabai fruits. The fruit variety affected the anthocyanidins and anthocyanins profile but had little or no effect on the phenolic acids and flavonoids profile. Within the same variety, growing environment had an impact on the quantitative differences of phenolic compounds. Due to the presence of several unidentified peaks, further separation and identification of phenolic compounds of dabai fruits are necessary for complete characterization of the phenolics profile of the fruits.
